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1. Extended Abstract 
Broadband wireless networks are seen today as one of the key factors for the 
success of the global communication infrastructure in the near future. Their design, 
planning and control must be supported by suitable traffic models that are able to deal 
with new sets of constraints in which the quality of service (QoS) management and 
mobility play an important role. 
Traffic models for wireless networks that have been proposed in the literature 
may be classified according to their dimension. One-dimensional models consider a 
street or a highway and are reviewed in [1]. Two-dimensional models are proposed 
for scenarios where mobility in multiple directions in the plane is considered. These 
models are mainly focused on mobility aspects as the circuit switching characteristics 
of today cellular systems impose special constraints on the teletraffic component [2]. 
On the contrary, third and fourth generation networks, will support fixed and variable 
rate transmission.  
In this paper we propose a new traffic model for broadband wireless networks 
that  allows  fairly  general  mobility  behaviour  and  describes  the  changes  in  the 
bandwidth requirements over the duration of each connection. It can be applied to 
both sub-urban and urban scenarios, as well as linear scenarios.  
The model considers a finite set of cells, called a cluster, where mobiles arrive 
according  to  a  Poisson  process.  The  mobile  users  move  between  positions, 
independently of each other, according to a Markov renewal process, which allows for 
non-exponential holding times in a cell.  We note that simulation studies revealed that 
the holding time in a cell is not exponential and showed that the generalized gamma 
distribution can be a good approximation for the cell residence time with random 
movement [6]. To restrict the movement of mobiles to existence paths or roads in the 
cluster, each position is modelled as a pair of cells representing the former and the 
current cell location of the mobile. According to [3,5], it is more realistic to consider 
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walking paths) than with complete random mobility. 
For the teletraffic process, we assume that a Markov modulated fluid process 
[4] (MMFP) describes the individual bandwidth of a mobile during its presence in the 
system.  The  state  space  of  the  MMFP  is  the  union  of  1 + K disjoint  sets, 
K A A A ,..., , 1 0 , where K is the total number of types of calls. The set  0 A  represents 
inactive  states  (without  call)  and  the  set  k A ( K k £ £ 1 )  represents  the  states 
associated to the traffic class k . 
For each type of call state or traffic class, we investigate the transient and limit 
number  of  mobiles  in  different  cells,  which  turn  out  to  be  independent  Poisson 
random variables. Moreover, we conclude that the handoff processes between cells of 
the cluster are the sum of independent Poisson cluster processes, and we characterize 
their univariate distributions through generating functions. If mobiles make at most 
one visit to a cell coming from another cell, then the handoff process between the two 
cells is a non-homogeneous Poisson process. As a consequence, the handoff process 
from a border cell to the outside in the general model and all the handoff processes 
between cells in the highway model per traffic class are non-homogeneous Poisson 
processes. Our analysis uses intensively the theory on translations and thinnings of 
Poisson  processes  along  with  the  theory  of  Markov  renewal  and  semi-Markov 
processes. 
The performance analysis for network planning involves a longer time scale. 
Hence for capacity planning we propose the use of limit results. Since our model does 
not assume capacity constraints, we use the sample-path analysis version of Palm 
probabilities to approximate the handoff and new call blocking probabilities. 
Unlike network planning, connection admission control and congestion control 
involve a short-time scale requiring a transient analysis. A key to network control is to 
exploit the detailed knowledge of the network state in order to obtain good estimates 
of the mean and variance of the demand in the near future. We assume that we know 
the number of mobiles in the cluster and, for each mobile: the position, the elapsed 
time in that position and the teletraffic state. Using the Lindeberg-Feller central limit 
theorem  for  non-identically-distributed  summands  we  predict  the  total  required 
bandwidth at some future time in a cell. 
Finally,  results  of  simulation  studies  are  used  to  validate  the  theoretical 
analysis, leading to the following conclusions: for blocking probabilities below 3% 
the accuracy of the analytical results is very good; and for a large number of mobiles 
in  the  system,  the  estimation  of  the  required  capacity  in  a  near  future  can  be 
accurately done through the use of a normal approximation. 
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